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INVENTION DISCLOSURE FORM 



A. TITLE OF INVENTION 

Blast and Ballistic Protection Systems and M^hods of Making Same 



B. BACKGROUND 

Light-M^ight annor concepts utilizing advanced ceramics, high strength polymer fibers, and composites provide 
excellent protection against projectiles but not the blast from neaiby ciq[>losion5. Emerging concepts utilizing 
metallic cellular metals sandwiched between pairs of ductile metal fecesheets provide blast protection but less 
efifective at protecting against projectiles. This invention achieves both blast and ballistic protection by integrating 
ceramics, high strength fibers, and composite materials into a metallic blast resistant structure. The integrated 
system uses all elements to ibduce both throats. 



C. BRIEF SUMMARY OF INVENTION 

Periodic, open-cell core structures made firom ductile metals provide blast (and impact) protection. Th^ are 
especiaUy ^ective when used as the cores of sandwich panel structures. Th^ work by transforming the energy of 
the blast into plastic deformation of the core/faccshect system. Cores include tetrahedral, pyramidal and Kagomd 
trusses, various woven or wire rectilinear arrays and honeycomb all bonded by transient liquid phase bonding, 
diffusion bonding, welding (including resistance methods) and adhesive bonding. By attaching a hard ceramic 
lacesheet to the exterior of the structure and utilizing the interior free volume to position additional ceramic or 
ballistic fibers (e.g. Kcvlar or Spectra fiber) it is possible to erode, fracture, and rotate an incoming projectile. The 
metal core aids the rotation process and increases the area of the fragment perpendicular to its propagation 
direction. A Kevlar or other ballistic fiber fabric or composite then catches the fragment and stops its penetration 
through the structure. Additional fragment catching fabricsAcomposites can be attached to the rearmost face of the 
structure to provide greater protection. 



D. BRIEF SUMMARY OF THE DRAWINGS 

Figures One thru Four show various concepts for providing both blast and ballistic protection. 
Combinations/peimutations of these ideas are obviously possible. The concq>t involves utilizing a metallic cellular 
metal core with strongly bonded feoesheets to absorb (b^ plasticity) the blast energy. Projectiles are arrested by 
fracture/erosion during impact with a ceramic material placed on the outer surface or the interior of the core or 
both. The cellular core induces projectile rotation so that a large area is presented for "capture" by a ballistic fabric. 
This fabric can be placed in the core or attached to the back surface of the sandwich panel. The fabric or ceramic 
can be incorporated in a matrix (e.g. a polymer) to create a composite attached to the &ces or impregnated within 
the core. 

The core can be any cellular metal. We envision periodic core systems for the higjiest performance applications. 
Examples are tetrahedral, pyramidal, and Kagome trusses, honeycomb, metal textiles or cores made from"^ 
rectilinear arrays of solid or hollow tubes. Inventions by Wadley and his colleagues (Sypcck, Quehellialt, and 
Ervin) teach how such structures can be made and identify material systems of interest Lower performance 
systems could use stochastic metal foams (e.g. Duoccll or Cymat foams) or non-metals. 
The ceramics could be ultra-hard, high density boron carbide, silicone carbide, or aluminum oxide. Various 
composites utilizing ceramic, metal, or polymer matrices can also be envisioned. 



E. DETAILED DESC3EUPTION OF THE INVENTION 



The protection system described above can be manufectured by a vanety of methods. In one 
approach the metaffic structure is made by the methods taught by Wadley and coUeagu^. The 
ceramic front sheet is attached by metal to ceramic bonding methods. The ceramic can be added 
to the structure as small tiles with/without overlappmg edges to accommodate thermal «cpansion 
mismatch. The ceramics can also be attached by many other approaches includmg adhesive 
bonding and mechanical attachment (bolts, rivets, etc.). Ceramics can be mcorporated in the 
cellular structure by slurry and dry powder infiltration methods. Adhesives or brazes can, if 
desired, be used to bond the ceranuc to the metaflic structure. All or just a part of the core can be 
filled with thb material. Whereas one oeHular metal core system is ideal for retaining ceranuc 
particles and another for blast mitigation, multiple core systems can be used such that one of the 
aforementioned is stadced upon another. 1 u ^**t,o. 

Ballistic fibrics can be inserted into completed periodic, open-cell core stmctures bwause of the 
existence of straight, continuous chamiels along which fibers/fiber bows of piec^ of woven tape 
can be inserted. When low temperature metal bonding is used to make the core (e.g. resistance 
welding) the ballistic fabric can be inserted in the core before or as It IS constructed. 
The fiJbric or febric composite backing layer can be attached by adhesive or mechanical metiiods. 
Numoous mediamcal attachment approaches can be en\dsioned. 
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Figuie l: A simple blastflallistic protecUon concept using a woven metal t«ctUe core of dimond topology. A 
S^ramic front fece and a fiagnent catching bacldngaie added to piovideballustocptotecU^^ 
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Figure 2: A moie advanced integrated concept The ceramic is place inside the open cellular metal core, 

reducing the overall thickness of the structure. 
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Figure 3: A blast/ballistic protection concept where the fragment catching fibers are interwoven with the metal 
core. 
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Kevlar / Spectra fibeis co-woven Ffagmofrt catching backing 
into eelte of melat textile <o^- Kevlar rabric or composile) 



Figure 4: A highly protective system where firagment catching is performed in the core and at the rear surface. 
Ceramic powder oonld also be incorporated in all or a part of the diamond core to provide additional projectile 
erosion. 
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^&tu*)^*<^_ Summary 



Open-cell, periodic cellular metals have been shown to absorb large quantities of kinetic energy 
when impacted, making them ideal for blast resistant armor. By combining these structures with 
traditional ballistic materials (ceramics and fiber reinforced composites), one can create an armor 
that is both blast and ballistic resistant. Beyond the advantage of a two-in-one syst^ the 
combined structure is possibly lighter than armors that provide solely blast protection. Further, the 
system has the potential to more efiectively defeat multiple hits than conventional ballistic armor. 
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